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OBJECT 

To  investigate  the  effect  of  projectile  nose  hardness  upon  penetration  performance. 


SUMMARY 

Projectile  penetration  performance  was  Investigated  as  a function  of  projectile 
nose  hardness,  th.  20  irm  model  of  the  90  mm  AP  M318  (T33)  monobloc  steel  »not  was 
tested  for  four  different  Rockwell  C hardnesses  (63  to  64,  61  to  62,  56  and  49).  These 
hardnesses  were  obtained  by  tempering  at  250°,  350°,  550°,  and  800''  F,  fe»|'«r«:tiv»ly. 
Targets  investigated  included:  3/4  inch  (0.95  caliber)  plate  at  55°  and  60°  obliquities, 

7/8  inch  (1.11  caliber)  plate  at  20°,  30®  and  55°  obliquities  and  1 1/8  inch  (1.43 
caliber)  plate  at  20°  and  30®  obliquities.  Protection  ballistic  limits  of  each  one  of 
these  homogeneous  armor  targeta  were  compared  for  the  four  shot  hardnesses. 

For  shattering  projectiles  in  the  hardness  range  of  56  to  64  Rockwell  C there  were 
no  significant  differences  among  the  various  ballistic  limits.  The  main  effect  of 
hardness  was  to  alter  the  velocity  at  which  shatter  occurred,  which  made  softer  shot 
less  effective  against  certain  targets.  Hard  shot  provided  a low  and  a high  ballistic 
limit  for  certain  low  obliquity  targets,  whereas  soft  shot  provided  only  th»  hi®*  bal- 
listic limit.  The  softer  intact  shot  in  the  56  to  64  Sc  range  were  slightly  inferior 
to  the  hardest  intact  shot  presumably  because  the  softer  shot  deformed  more  and  re- 
quired more  energy  to  defeat  the  same  targets.  Shot  as  soft  as  49  Rockwell  C generally 
were  quite  inferior  to  the  harder  shot  against  overmatching  targets  at  low  and  high 
obliquiti*  ■ Shot  hardness  was  more  critical  for  overmatching  low  obliquity  targets 
than  for  matching  high  obliquity  targets. 
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INTRODUCTION 

Since  World  War  II,  conventional  armor  piercing  ahot  developed  for  attack  of  tank 
armor  hove  generally  been  as  hard  as  reasonably  possible  (60  to  64  Rr).  Shot  of  hift' 
hardness  aic  more  resistont  to  deformation  and  shatter  than  soft  shot  and  letter  for 
the  defeat  of  overmatching  armor  plate  at  low  and  intermediate  obliquities.  However, 
some  of  the  current  tank  targets,  which  consist  of  matching  and  undermatching  armor  2'. 
high  (5V'  io  70°)  obliquities,  have  on  occasion  been  defeated  as  easily  a.>d  som«ti<&e» 
even  more  easily  with  soft  (SS  Rc)  shot  than  with  "ary  hard  shot.  For  these  condition*, 
r.f  attack  it  is  more  desirable  for  the  slut  to  deform  and  aholtrr  early  in  the  pend  ra- 
tion process  than  to  remain  intact  and  tend  to  ricochet.  By  shattering,  the  shot  ppnrk 
through  the  armor  and  eject  plugs.  In  order  to  investigate  this  situation  more  tho’* 
oughly,  the  subject  firings  were  conducted. 


MATERIALS  AND  METHODS 
Projectile  Type  and  Composition 

The  20  mm  model  of  the  90  nm  monobloc  A P 11318  (T33)  shot  was  used  in  these  firings. 
A picture  and  drawing  of  this  shot  are  included  in  Figures  1 and  2.  All  shot  (Lot  2165) 
were  machined  from  13/16  inch  diameter  bar  s ;ock  of  one  heat  of  manganese  molybdenum 
(VWfo,  Fed  Spec  57-107-33)  steel.  Each  shot  weighed  approximately  1800  grains.  The 
composition  is  listed  in  Table  I. 


Neg.  #24423-1 
R-1177 


Figure  1.  20  mm  rmodei  rf  90  ;nro  AP  M318  (T33)  ahot 
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Figure  2.  Detail  drawing  of  20  mm  model  of  90  Run  AP  M319  (T33)  shot 


w5*  <r±*us..m  i ■»  -i 


CONHDENIIAl 


* Table  1.  Per  Cent  Competition 

C_  Mn  Mo  P S Si  tfj  Cr  JF 

0.74  0.90  1.04  0.02  0.04  0.33  0.05  0.15  0.02 

Heat  Treatment 

All  r.hot  were  aus ;.:ni t i led  In  salt  al  1550c  F and  quenched  into  brine.  After 
dividing  them  into  four  groups,  one  group  wa*  tempered  at  250°  F.  one  a:  350°  F,  one  at 
550°  F and  one  at  800°  F.  All  shot  were  then  base  tempered  by  induction.  These  treat- 
ments produced  tempered  martensitic  structures.  K.  rdr.esa  patterns  for  the  various  tem- 
pering temperatures  are  included  in  Figure  3. 

Plate 

All  firings  weir  conducted  against  rolled  homogeneous  armor.  The  various  e'ate 
thicknesses,  hardnesses  and  obliquities  arc  included  in  summary  Table  II.  Plates  of 
different  hardnesses  were  chosen  for  the  3/4  inch-  and  7/8  inch-plate  firings  at  high 
obliquity  to  investigate  the  effect  of  shot  hardness  more  thoroughly. 


Firing 

A 20  mm  Mann  type  barrel  chambered  for  the  T20  (.60/20  mm)  c*»se  was  used  for  all 
firings.  For  velocities  in  excess  of  3000  fp»  a special  chanter  extension  sti  screwed 
onto  the  above  barrel  to  accommodate  a two  piece,  double  length  case.  The  distance 
frow  the  muzzle  to  the  plate  was  215  feet.  Velocities  were  measured  on  counter  chrono- 
graphs actuated  by  three  pairs  of  solenoids,  the  hate  line  centers  of  which  were  32,  87 
and  132  feet  iom  the  plate.  Three  pairs  of  solenoids  were  used  in  order  to  correct 
the  measured  vel'vities  to  actual  striking  velocities. 


Evaluation 

Protection  ballistic  limit*  were  used  as  a criterion  for  comparing  the  penetration 
performance  or  the  var'u.ts  ahot  groups.  Moat  of  the  limits  were  obtain'-d  by  averaging 
the  velocities  of  the  highest  partial  and  lowest  complete  penetrations  of  each  group  of 
firings.  For  firings  where  a zone  of  sized  partial  tnd  coeplete  penetrations  occurred 
the  h illistic  limit  was  obtained  by  averaging  the  vein*: l ties  ir  the  zone.  Limited  fir- 
inf)  were  conducted  for  some  test  conditicna  so  th»*  .''re  conditions  could  be 


CONFIDENTIAL 


CONFIDENTIAL 


N«a.  |Z44.»)-J 
R-1U7 


?5o*  r 

W t 

??>•  r 

ny>*  r 

<3.5 

61.5 

56.0 

Ii6.6 

63.5 

61.5 

54.3 

W.8 

63.6 

61.7 

56.0 

1,9.0 

<3.9 

61.3 

56.0 

1,8.6 

63.6 

41.5 

55.9 

L6.6 

<3.9 

61.0 

1,6.6 

<3.< 

61.5 

55.6 

L6.6 

<3.6 

61.5 

56.v 

L9.7 

63.5 

61.5 

56.o 

1,9.0 

<3.0 

61.2 

56.0 

1,9.0 

62.6 

61.5 

j'6.0 

1,9.0 

63.1 

61.7 

<6.0 

1,9.0 

6i.> 

«.< 

56.0 

1,9.0 

<3.3 

<o.5 

56-0 

1,9.0 

62.6 

61.0 

56.7 

1,9.2 

62.  P 

61.0 

54.0 

L8. 6 

61.3 

61.0 

56.1 

1,9.? 

59.9 

£0.7 

5<.o 

1,9.0 

58.0 

59.0 

56.1 

1,9.? 

55.6 

57.1 

56.1 

1,9.? 

53.1 

5t.9 

55.6 

1,9.? 

51.- 

57.6 

53.0 

W.9 

50.2 

50.9 

S0.1 

1,7.* 

17.0 

1*9.0 

18.0 

1,6.7 

W.  o 

L7-? 

17.? 

•J:.6 

1,5.? 

I*6.< 

1/.0 

U,.0 

Figure  3.  RocVwe.l  C hardness  pattern*  at  eerier  of  shot  for  various 
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Tabic  II.  Suiwaary  - Protection  Ballistic  Limit  Variation 
with  Projectile  Nosa  Hardness  of 
20  mm  AP  T33  (Lot  2!65) 
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investigated.  For  the  majority  of  ballistic  limits  the  velocity  difference  between 
the  highest  partial  and  the  lowest  complete  penetrations  was  less  the.-  SC  feet  per 
second.  All  projectiles  were  recovered  in  plywood  and  were  examined  fer  the  extent  of 
defoimaticn  and  failure  A descriptie-  f the  rccvvc . c.I  projectile  for  each  round  is 
included  in  the  Appendix. 


RESULTS  and  DISCUSSION 

Table  II  summarizes  the  protection  ballistic  limits  101  each  projectile  hardness 
group  and  for  each  target  condition  investigated.  The  condition  of  the  recovered  p'o- 
jectile  at  each  ballistic  limit  velocity  is  also  included.  Figu  es  4 to  1C,  inclusive, 
represent  plots  of  all  rounds  fired  for  the  four  tempe-ing  temperatures  as  a function 
of  striking  velocity.  The  protection  ballistic  limit  for  each  target  condition  is  in- 
dicated between  the  partial  ar.u  complete  penetration  velocities  long  with  the  condition 
(intact  or  shattered)  cf  sach  recovered  shet. 

It  may  be  noted  that  for  shattered  shot,  generally,  there  were  no  significant 
differences  in  ballistic  limits  for  sho'  in  the  hardness  range  of  56  to  64  Rockwell  C. 
Some  of  the  results  seem  to  indicate  that  the  softer  shot  were  slightly  superio  tc  the 
hardest  shot  for  conditions  where  both  shattered  in  defeating  the  plate.  For  the  3/4 
inch  (0.95  caliber)  plate  firings  the  softest  C49  Rc)  shot  were  practically  as  efficient 
as  the  hardest  (63  to  64  kc)  shot.  Since  conventional  shot  shatter  in  defeating  high 
obliquity  matching  and  s'ightly  undermatching  plates  which  usually  fail  by  means  of 
punching  or  plugging,  these  targets  are  not  particularly  sensitive  to  shot  contour  and 
hardness.  However,  for  the  thicker,  overmatching  plates  at  high  and  low  obliquities, 
the  softest  shot  were  much  inferior  to  the  harder  ones.  Furthermore,  ballistic  limits 
obtained  with  intact  soft  shot  were  slightly  higher  than  those  obtained  with  intact 
hard  shot  because  th*  softer  ones  presumably  deformed  more  ond  required  more  velocity 
and  energy  to  defeat  the  same  targets.  To  defeat  theie  targets  the  shot  must  push  the 
plate  material  as  * during  most  of  the  penetration. 

The  diffeiences  among  the  ballistic  limits  of  the  harder  3/4-  and  7/8-inch  plates 
at  60°  and  55°  obliquities  generally  were  no  greater  for  the  various  nose  hardnesses 
thar  tho'*-  of  plates  of  lower  herdness.  Furthermore,  the  find  of  he  hard  3/4-inch 
plate  at  6i.’0  obliquity  were  pra'  ■ wily  equal  to  those  of  the  softer  olate  at  55° 
because  purichings  or  plugs  were  ejected  more  easily  from  the  hard  plate  than  from  the 
softer  plate.  Ordinarily,  for  plates  of  the  same  thickness  »nd  hardness,  60°  ublltut  ty 
targets  are  more  ditficult  to  defeat  with  conventional  s.'  ,jt  than  55"  i.-.gets. 
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Rouuds  of  various  tampering  temperatun 
at  55°  obliquity 


eg. #24423- 
-1177 


r 


JL 


Rounds  t-f  various  tampering  temperatures  vs  7/8  inch  i 293-i02  BKi)  pl< 
at  2 0°  obliquity 


eg.  #2442_S- 
-1177 


F if  ur*  ’0.  Rounds  ui  various  tampering  temperatures  vs  1 i/8  inch  (321-331  Dhr.;  plat* 

at  20°  obliquity 
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Shatter  Gnp 

It  may  be  noted  in  Table  II  end  Figures  7 8 *nr|  10  thai  two  ballistic  limits, 

one  with  intact  and  one  with  shattered  shot  were  ob*.cipcd  f...  some  >i  the  ove r ma t chin? 
low  obliquity  firings.  In  these  cases  a shnli*.  gap  resulted  *n  which  pi  ite  perf«*-a- 
tion  could  obtained  above  and  below  put  no'  within  a certain  velocity  interval. 
Perforation  below  this  velocity  range  was  obt  lined  with  i.itact  ahnt  «nH  the  ring? 

with  shattered  shot.  Within  the  range  the  shot  shattered  and  d>  i not  have  enough 
energy  to  perforate  the  plate. 

Sliatter  gaps  were  not  observed  for  the  harder  (61  to  64  Rc ) sliot  fired  .j^-iist 
7/8  irch  (1,11  caliber)  piste  at  20*  Obliquity  but  a shatter  ..ap  was  observed  Tor  the 
softer  (66  Rc  ) shot  T^e  (4?  Rc  1 :!.jt  also  Jid  nut  demonstrate  a shatter  gap 

and  only  provided  the  high  ballistic  limit.  This  performance  was  in  marked  contrast 
to  behavior  with  tee  1 * ; ler  shot  which  did  not  exhibit  a .shatter  gap  because  it  was 
able  to  remain  effective  jn  defeating  the  *nrge»  at  all  velocit.es  aijr.ii  ■ h: ' 1 ■ 
low  limit.  In  addition,  agains  ‘ 7/8-inch  plate  at  30®  obliquity  and  1 l/M-inch  plate 
at  20®  obi  iqui  ty,  only  the  hardet  shot  could  perforate  both  in  an  intact  and  a shattered 
condition,  whereas  the  softer  shot  could  perforate  on’v  in  a shattered  condition.  This 
shows  that  shot  hardness  is  critical  for  the  overmatching  low  obliquity  targets.  Also, 
conventional  monobloc  shot  should  not  be  softer  than  approximately  55  Rockwell  C in 
order  to  be  able  to  defeat  overmatching  targets  similar  to  those  of  this  investigation. 


CONCLUSIONS 

1.  When  all  conventional  <hot  remain  intact  of  when  all  shot  shatter  in  defeating 
a target,  there  is  little  difference  in  their  penetration  performance  due  to  shot  hard- 
ness in  the  range  of  Rockwell  C 56  to  64  The  main  effect  ol  hardness  is  to  alter  the 
velocity  at  which  shatter  occurs,  which  may  make  s«.,rer  shot  ess  effective  against 
some  targets. 

2.  Hard  shot  provide  a low  end  a h»vr  bailivtic  limit  for  certain  low  obliquity 
target*  whereas  tof  i shot  provide  only  the  high  ballistic  limit. 

J.  Siiot  approximately  . oft  aa  Rockwell  C 50  generally  are  inferior  to  harder 

*hnt 

4.  Soft  aVf.  reinim.ii  intact  during  peref  r a t tenure  slightly  anre  c ergy 

to  defeat  a target  than  harder  shot  whi^h  remain  intar1  mk!  deform  less. 

5.  Shot  (unlnen  ta  more  critical  for  overwrite  r.r  1 >w  obliquity  pi-fe  target* 
than  for  -watching  high  obliquity  plate  targets. 
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FUTURE  WORK 

Additional  t-*sti  are  being  planned  to  investigate  the  effect  of  ahot  nose  hardness 
on  penetration  performance  against  thinner , un<h- rmat chine  p'ate.  Investigations  also 
will  be  conducted  to  determine  further  the  effect  of  steel  ~ompositim  and  nicroatruc- 
ture  upon  shet  penetration  par formance.  The  results  cf  these  tests  at  the  20  rsr.  s*j«le 
will  be  covnpared  with  those  obtained  at  full  settle. 
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ABBREVIATION?  AND  NOTES  USED  IN  FIRIHG  TABLES 

PP  - Part  ini  penetration 

CP{A)  - Complete  penetration  • Army  criterion* 

CP(P)  - Complete  penetration  - Protection  criterion* 

CP(NI)  - Complete  penetration  - Navy  criterion,  shot  intact* 

CP(NF)  - Complete  penetration  - Navy  criterion,  alrot  fractured* 

CP(NS)  - Complete  penetration  - Navy  criterion,  aim*  ilmttc'ril* 

SB  - Small  bulge 

MB  • Medium  bulge 

LB  - Large  bulge 

CV  Crack 

NCk  - No  crack 

TO  - Plug  out 

POS  - Plug  out  started 

BS  - Back  spall 

BSS  • Back  spall  started 

BP  - Back  petals 

FP  - Face  petals 

NI**  - Nose  intact 

BI***  - Base  intact 

Sh  - Shatter 

Fr  - Fracture 

LS  - Local  shear 

PIP  - Base  (projectile)  in  plate 

BNB  - Base  (projectile)  not  recovered 

QCJc  - Shot  cracked  during  quenc'iing 

SI  - Shot  intact 

. 'iP  * Shot  intact  in  plate 

NIIP  - Nose  intact  in  plate 

VS8  • Very  small  bulge 

NShIP  - Nose  shatter  in  plate 

* Defined  according  to  Ordrenco  Doptrtaont  Bulletin  No.  14- 4 1. 

*'  ireetionn  following  HI  iadiceto  approxiaalc  rntio  of  n.  ••  fragatet  to  tot*'  l.ngtl.  «<  bo  |y. 

***  f'actioan  •‘olioeing  BI  iadicate  approximate  ratio  of  I-**  fragment  to  tr- -,1  inn;<  o»  .hot  fc«.|y. 

* Approximate  value  lot  protactiea  kalliatic  Halt. 

b bracketing  valocitiea  »»»1  to  obtain  pi .lection  bnlllatic  Unit. 

c Vaiocitiaa  in  rant  of  aixad  rxialtx  averaged  to  el'aie  ,■*•»  action  bnlliatic  liait. 

d Plata  ick  -a teat  ia  inchnx. 
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FIRINS  RECORD 


I.  Firir.g  with  20  ms  AP  T33  Shot  (Lot  1165)  against  '-inch 
Thick  Homogeneous  Armor  at  60“  '■!  -iquity 


Striking 

Penrt  ration  Results 

Veioci ty 

Place 

Shot 

Scoop “ 

A.  2S0°  F Temper 

vs  Plate  No.  70  (352  to  356  Bhn) 

3190 

CP(NS)-PO 

81  2/S-Sh-Fr-LS 

(2.0  x l . i ) 

3098 

CP(A6P)-PO 

BI  1/4-Sh-Fr-LS 

(1.8  x 1.1) 

1560b 

CP(A8f)-P0 

BI  l/4ShFr-LS 

(1.9  x l.i) 

2373b 

IT-SB-NCk 

BI  1/4-Sh-Fr-LS 

(2.1  x i . i ) 

FBL  ; 2915  fps 

B.  3S0”  F Temper 

vs  Pla^e  No.  70  ( 352  to  356  Bhn) 

31 7S 

CP(AAP)-PO 

81  1/4-Sh-Fr-LS 

(2.2  x 1.1) 

3104c 

CP(A&P)-PO 

BI  1/4-Sh-Fr-LS 

(2.0  x 1.3) 

31)2  8c 

PP-MB-0k 

BI  1/5-Sh-Fr-LS 

(2.0  x i.  i) 

2984c 

PP-LB-Ck 

BI  1/5-Sh-Fr-LS 

(2.1  x 1.1) 

2978c 

CF(AAP)-PO 

BI  1/5-Sh-Fr-LS 

(1  8 * 1.1) 

2782 

PP-LB-Ck 

BI  1/4-Sh-Fr-LS 

(3, 2 x 0.9) 

PBL  3025  fps 

C.  550°  F Temper 

vs  Piste  No.  70  (352  to  356  Bhn) 

2949 

CP(MP)-PO 

Sh-Fr-LS 

(2.1  x 1.2) 

2840b 

OP(A&P)-FO 

Sh-Fr-LS 

(1.9  x 1.1) 

2745b 

PP-SB-NCk 

BI  1/4-Sh-Fr-LS 

(2.0  „ l.C) 

2720 

•P-SB-NCk 

BI  1/4-Sh-Fr-iS 

r;.o  » i.n 

2715 

PP  SB-NCk 

Sh-»-  LS 

(1.9  x 1.0) 

PFL  “ 2 790  fps 

D.  800°  F lerr,- 

vj  Plate  No.  70  (352  to  356  Bhn) 

3115 

CP(AM>)P0 

BI  1/3-Sh-IS 

(2.1  x 1.0) 

3045 

CP;AftP)-P0 

BI  1/3  Sh-LS 

(2.1  x 1.0) 

3016b 

a>(AaP)-ro 

BI  l/3-Sh-Lr‘ 

(2.’  x 1.0) 

2972b 

PP-W-NCk 

BI  (75-Sh-LS 

(2.2  x 10) 

2930 

FP-kB-NCk 

BI  J/5-Sh-i?-' 

(2.0  x 1.0) 

P at  = 2995  fps 


i 

I 


> 

II 
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II.  Firing  with  20  ms.  V>  I.  ' Shot  (Lot  2165)  against  3/4-inch 
Thick  Homogeneous  Armor  at  55°  Obiiquity 


Striking 

Velocity 

plate 

Peroration  Resu± 
Shot 

Scoops 

A 250°  F Temper 

vs  Plate  No.  38  (293  to  302  Bhn) 

Siib 

CF(AiP)-Pu 

BI  1/4-Sh-Fr-LS 

(1  8 x 1.4) 

2985b 

FP-LB-Ck 

BI  i/4-Sli-Fr-LS 

(2.0':  I 3 n 

2975b 

CP{NS)-PO 

BIP-Sh-LS 

(1.7  x 1.2) 

-7Q10 

PP-LB-POS 

BI  1/3- Sh-Fr-LS 

(1.9  x 1.0) 

2870 

PP-LB-NCk 

BNR-Sh-Fr -LS 

(1.9  x 1.1) 

2S20 

rir*  t p_n. 

RJ  1/3-Sh-LS 

(1.9  x 1.2) 

PBL  - 2 980  fps 

2980 

B.  350°  F Temper  vs  Plate  No.  38  (293  to  302  Bhn) 
CP(A)-P0S  BI  2/3-Sh-Fr-LS 

(2.5  x 

1.1) 

2850 

rP-LB-Ck  BI  1/4-SI. -Fr  -LS 

(2.0  x 

1.3) 

PBL  > 2980  fps 

C.  550°  F Tetter 

vs  Plate  No.  38  (293  to  302  Bhn) 

3040 

CP(A5?)-P0 

BIP-Sh-LS 

(2.0 

X 

1.0) 

29851. 

CP(A&P)-PO 

Sh-Fr-LS 

(1.9 

X 

1.2) 

2940b 

PP-LB-POS 

Sh-Fr-LS 

(2.0 

X 

1.3) 

2895 

CP(A)-P0S 

BI  1/3-Sh-Fr-LS 

(1.9 

X 

13) 

PBL  • 2965  ft  s 

D.  800°  F Tenp  -r 

vs  Plate  No.  38  (293  to  302  Bhn) 

3096 

CP(AW)-PO 

BI  1/3-Sh-LS 

(2.1  x 1.1) 

3038b 

CP(AfrP  ”0 

BIP-Sh-LS 

(1.9  x i.0) 

2 CO.  So 

rws  rvv  ■ 
1 I '1  VAJ 

BI  1/3-Sh-LS 

(1.9  x 1.1) 

2970 

PP-LFt-NC* 

BI  1/3-Sh-LS 

(2.2  x 1.2) 

PBL  ■ 3020  fps 
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III.  Firing  with  20  nm  AP  T33  Shot  (Lot  2165';  against  7/8- inch 


Thick  Homogeneous 

Armor  at  55°  Obliquity 

Striking 

penetration  Results 

Veloci ty 

flats 

;;  .t 

Scoop11 

A.  250°  F Temper 

vs  Plate  No  29  (429  BIji) 

3442 

CP(  ABtP)-BS 

BI  i/4 -Sh-Fr-LS 

(1.8  x 1.4) 

3362b 

CP(A&P)-PO 

Sh-Fr-LS 

(1.7  x 1.2) 

3353b 

PP-LB-BSS 

Rh-Fr-lS 

(1.8  x 1.3) 

3160 

PP-SB-NCk 

Sh-Fr-LS 

(2.5  x 1.2) 

PBL 

- 3355  fps 

B.  350°  F Temper  vs  Plate  No.  29  (429  Bh-1 


3390 

CP(A&P)-PO 

Sh-Fr-LS 

(1.6  x i.8 ) 

3315b 

CP(A4P)-P0 

Sh-Fr-LS 

(1.5  x 1 -) 

3282b 

FP-LB-F0S 

BI  1/5-Sh-Fr-LS 

(1.6  x 1.3) 

3)  85 

PP-LB-Ck 

Sh-Fr-LS 

(1.7  x 1.2) 

PBL  • 3300  fps 

C.  050°  F Temper 

vs  Plate  No.  29  (429  Bhn) 

3305b 

CP(A&P)-P0 

Sh-Fr-LS 

(1.5  x 

1.3) 

3250b 

CP(A)-POS 

Sh-Fr-LS 

(1.6  x 

1.3) 

3166 

fP-LB-Ck 

Sh-Fr-LS 

(1.6  x 

1.1) 

2900 

PP-SB-NCk 

Sh-Fr-LS 

(1.4  x 

1-1) 

r hl 

■ 3275  fps 

D.  P90  ° F 

Tempe.  vs  Plate  No.  29  (429  Bhn) 

3685 

CP(AaP)  BS 

BI  1/3-Sh-LS 

(1.8  x 1.2) 

3635b 

CP(A&F)-t-.. 

BI  l/3-3h-LS 

(1.8  x 1.3) 

3600b 

rf'-Mn-BS? 

3L-Fi -LS 

(1.8  x 1.3) 

3505 

PP-MB-Ck 

BI  1/3-Sh-LS 

•n  8 x 1.2) 

3280 

FP-SB-FEk 

BI  1/3-Sh  Fr-iS 

(1.5  x 1.2) 

PBL  - 362n  fps 
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IV.  Firing  xitb  20  m AP  T33  Slot  (Let  2165)  against  7/8-  i 
Think  Homoeeneotis  Armor  at  30°  Obliquity 


Striking 

Penetration  Jf«»i'ifs 

Veloci ty 

Plate 

Shot 

A.  250°  F 1 tmper  vs 

Plate  No.  49  (293  to  302 

2833 

CP(NS)-P0 

BI  1/4-Sh-LS 

2737 

CP(NS)-PO 

Sh-LS 

2687 

(V(NF)-RS 

BI  1/3  Fr 

2679c 

CP(A)-F0S 

Sh-Fr-LS 

2676c 

CP(A&P)-PO 

Sh-Fr-LS 

2670c 

CP(AfcP) 

BI  1/4-Sh-Fr-LS 

26b0c 

Fr-PGS 

pl  r-  » p 
on- r i 'lo 

2600 

(T(NI)-PO 

ST 

2590 

CP(W)-PO 

NI  2/3-BI  1/3  Fi 

2443 

CP(NF)-PO 

Bi  1/3-Fr 

2235b 

CP(A&P)-PO 

BI  1/3-Fr 

2130b 

PP-LB-Ck 

BI  3/5-Fr 

2097 

PP-LB-Ck 

SI 

PBL  S 2165  (Fr);  ■ 26  70  (St,, 

B.  350°  F Tender  vs 

Plate  No.  49  (292  to  3U2 

2682 

CP(»*P)-PO 

Sh-Fr-LS-BIF 

2663b 

CP(A&P)-PO 

Sh-Fr-LS 

2615b 

PP-LB-P0S 

Sh-Fr-LS 

2610 

PP-LB-Ck 

BI  1/3-Sh-Fr-LS 

2540 

CP(NI)-PO 

SI 

2333 

CP(W)-PO 

N:  2/3-Fr 

2302b 

CP(NF)-P0 

Nl  2/3-BI  1/3-Fr 

2215b 

PP-LB-Ck 

SI 

2172 

PP-LB-Ck 

SI -Ck 

PBL  “ 2260  (I);  - 2640  (Sh) 

C.  553  Temper  vs 

Plate  No.  40  (293  to  302 

2688 

CP(AAP)-PO 

BI  I /3-Sh-Fr -LS 

2660b 

CPC.WM-PO 

BI  l/3-Sh-F:-LS 

2514b 

PP-LB-Ck 

BM!-..h-LS 

2551 

PP-LB  Ck 

BI  1'3-Sh-F-LS 

7233 

PP-SB-NCk 

Sh  ■<  - IS 

PBL  - 263  5 to. 
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Snoops 


(l.S  x 1.5) 
(1.6  x 1.3) 
(1.7  x 1.1) 
(l.S  x 1.2) 
(l.S  x 1.4) 
(1.4  r 1.4) 
(1.5  x 1.3) 
(1.5  x 1.1) 
(l.F  x 1.2) 
(i.  / x 1.2) 
(1.8  x 1.2) 
(2  x 1.1) 

(2  x 1.2) 


(1.7  x 1.4) 
(1.5  x 1.4) 
(1. 7 x 1.3) 
(1.7  x 1.3) 
(1.8  x 1.3) 
(1.8  » 1.2) 
(1.0  x 1.2) 
(2.2  x 1.4) 
(2.0  x 1.2) 


(1.6  x 1.4) 
(1.6  x 1.3) 
(1.5  x 1.4) 
(14  x 1.4) 
(1.5  x 1.3) 
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IV.  Firing  with  20  mm  AP  T33  Shot  (Lot  2165)  against  7/S- inch 
Thick  Homogeneous  Armor  at  30°  Obliquity  (Cont’H) 

Striking  Penetration  Results 


Veloci ty 

Plate 

Shot 

Sri  -pJ 

D.  800°  F Temper  vs 

Plate  No.  50  (302  to  311  Bh>i) 

2779 

CP(A&P)-PO 

BI  1/3-Sh-Fr-LS 

(’.1  x 1.5) 

27491) 

CP(A&P)-P0 

BI  2/S-Sh-Fr-LS 

(1.6  x 1.4) 

2726b 

CP(A)-P0S 

BI  1/3-Sh-Fr-LS 

(1.5  x 1,4  ) 

268*' 

PP-LB-Ck 

BI  2/5-Sh-Fr-LS 

(1.4  x 1.4) 

259  V 

PP-LB-NCk 

BI  2'5-Sh-Fr-LS 

(1.5  x 1.4) 

PBL  - 2 740  fps 


V.  firing  with  20  mm  AP  T33  Shot  (Lot  2165)  against  7/8-inch 
Homogeneous  Armor  at  20°  Obiiqoiiy 


A.  250°  F Temper  vs  Date  No.  49  (293  to  302  Bhn) 


2835 

CF(NF)-P0 

BI  1/3 -Fr 

(1.3 

X 

1.2) 

2644 

CP(NF) -P0 

BI  1/3 -Fr 

(1.3 

X 

1.2) 

islO 

CP(NI)-BP 

si -a 

(1.4 

X 

1.1) 

2224 

CT(NI)-PO 

SI 

(1.4 

X 

1.1) 

2025 

CP( A&P) -P0 

BI  1/3 -Fr 

(1.2 

X 

i.D  ; 

1952b 

CP( A&PJ-PO 

SIIP 

(1.3 

X 

id  : 

1905b 

CP(A)-POS 

SI 

(1.3 

X 

i.i)  i 

1865 

PP-LB-Ck 

SI 

(1.3 

X 

1.2)  ' 

1860 

PP-LB-Ck 

SI 

(1.3 

X 

11) 

PBL  • 1930  fps 

B.  350°  F Tender 

vs  Plate  No.  50  (302  to  311  Bhn) 

2700 

CP(A4P)-BS 

SI 

. 

1.2) 

2453 

CP(NF)-BS 

BI  1/4-Fr 

(1.3 

X 

1.2) 

2253 

CP(NI)-P0 

SI 

(1.3 

X 

1.2) 

2120 

CV(NF)-BS 

NI  2/3 -BI  1/3-F,- 

(!•'. 

X 

1.0) 

20871, 

(J-(NI)-BS 

SI 

1.3 

X 

1.2) 

2026b 

CP(A)  P06 

NI  2/3  BI  1/5  Fr 

(1.3 

A 

1.0)  ' 

1943 

CP(  A ) - P0S 

a. 

(13 

X 

1.2) 

PBL  ■ 2055  fps 
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V.  Firing  With  20  in.  AP  T33  Shot  (Lot  2165)  7/s‘ 

Homogeneous  Armor  at  20°  Obliquity  (Cont’d) 

Penetration  Results 

Plate 

C.  SS0°7  Temper  vs  Plate  No.  ,9  (293  to  302  Bhn, 
CP(tC?)  PO  BT  1/3-Sh-Fr-lS 


CP(SS)  PO 

ty(A)-P0S 

FP-LB-Ck 

PP-LB-Ck 

(JP(NI)-PO 

CPfA&rvPO 

PP-LB-Ck 

rF-LB-Ck 

vP(A)-L8-Ck 


B1  1 /3-Sh-Fr  -T  S 

Sh-Fr-LS 

BI  l/3-Sh-Fr-LS 

NT  ’,'4-BT  1/2-Sh-Fr-LS 

NI  1/3-BI  l/4-Fr  IS 

Sl-Ck 

NIIP-RT  1/3-Fr 
NI  2/3-BT  1/3-Fr 
NI  2'3-Rl  1/3-Fr 


21*5  (I):  « 2S15  (Shi 


BOO0  F Temper  vs  Plate  No.  SO  (302  to  311  Bhn) 

CP(f£>)-PO  BI  2/5-Sh-Fr -I/S 

CP(AAP) -PO  BI  2/S-Sh-Fr-LS 

PP-LB-Ck  BI  2/S-Sh-Fr-LS 

PP-LB-Ck  Bl  2/SSh-Fr-LS 

PP-VSB-NCk  Bl  2/5-Sh-Fr-LS 

PP-VSB-NCk  Bl  2/S-Sh-Fr-LS 

PBL  • 2010  fps 


. S x 1 . 4 I 
.5  x 1.3) 
.7  x 1.7) 
.7  x 1.2) 
.7  x 1.3) 
.5  x 1.1) 
i S x 1.2) 
1.6  x 1.2; 
: x l.i) 


VI.  Firing  with  20  mm  AP  T33  Shot  'Lot  216S)  aga.nit  1 I/B-mch 
Homogeneous  Armor  at  V Obliquity 

A.  250°  F Trno».  vs  i'iatr  No.  16  (321  to  331  Bhn) 


CP(NS)-PO 
CP  (AV  i-PO 
PP-i."  Cw 
PP-LBNCk 
PP-W-NCk 
ep-i«.NCk 
PP-SB-NCk 
PP-SHNCk 


f6hIP-LS 

NRhlP-LR 

BI  1 3 Sh-Fr  -LS 

Sh-Fr-lS 

HI  l.  i-Sh-Fr-LS 

sh-r  ls 

BI  2/S-Fr 
Bl  ’ 3-F' 


PBL  • J3j3  tp. 
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VI.  Firing  with  20  mm  AP  T33  Shot  (Lot  2165)  nvni’.st  1 1/8-inch 


Homogeneous  Armor  at  30°  Obliquity  (Cont ’H ) 

Striking 
Veloci ty 

P .ate 

Penet  at  ion  Re  Mil  a 
Si;  ' 

Sc  co ^ 

B. 

j50°  F Temper 

vi  Plate  No.  16  (321  to  33!  Bin) 

3405 

CP(NS)-P0 

BI  1/4-Sh-Fr -LS 

(1.5 

X 

1.6) 

3349b 

CP(NS)-P0 

Sh-Fr-LS 

(1- 

X 

1.8) 

3267b 

CP(A)-P0S 

Sh-Fr-LS 

(1.8 

X 

1.7) 

3260 

PP-LB-NCk 

Sh-Fr-LS 

(1.6 

X 

1.7) 

PBL  ■ 3320  fpi 

C. 

550°  F Temper 

v»  Plate  No.  15  (321  to  331  Bhn) 

3375 

CT(fv)-Ph 

NShl’-Fr-LS 

(1.6 

X 

1.7) 

3274h 

CP(NS)-F0 

NShlP-F- -LS 

(1  « 

r 

i i\ 

3248L- 

PP-LB-Ck 

Sh  Fr-LS 

(1.7 

X 

1.6) 

3210 

PP-LB-Ck 

BI  2/5 -Sh-Fr-LS 

(1.8 

X 

i.e; 

r'BL  ■ 3260  fp» 

D. 

800°  F Temper 

va  Plate  No.  15  (321  to  331  Bhn) 

3563 

CP(A)-P06 

BI  1/3-ShIP 

(1.7 

X 

1.6) 

3498 

PP  -LB  Ck 

BI  1/3 -ShIP 

(1.8 

X 

1./; 

PBL  > 3565  fps 

VII. 

Firing  with  20  nan  AP 

T33  Shot  (Lot  2165)  against  1 1/8- 

inch 

Homogeneous 

Armor  at  20°  Obliquity 

A.  250°  F Temper  vi 

i Plate  No.  16  ( i21  to  331  Blxi) 

3168 

CP(  re  )-po 

BI  1/3 -Sh-Fr -LS 

(1.7  * 1.7) 

3096 

PP-LB-Ck 

81  1/3  Si.  Fr-LS 

(1.7  x 1.5) 

3073b 

CP(NS'-r) 

BI  1/3-Sh-Fr-LS 

(1.6  x 1.5) 

3020b 

PP-LB-POS 

Sh-Fr-LS 

(1.7  x 1.7) 

2913 

PP-Lfl-CV 

BI  1/4-Sh-Fr -LS 

(1.7  x 1.5) 

2804 

oo  ro  one 

BT  1 /I  rw  «r_  f a- 
Lli  4/  a i 4 • LaJ 

( 1 . C * 1.5) 

2498 

CP(  AMVPC 

BI  l/4-S'.-Fr-L8 

(i  1 * 1.3) 

2412b 

CP(  AAP)  -P> 

NI  2 3-D'  1 3-r. 

(1.6  x 12) 

2403b 

PP-LB-Ck 

NI  3/5-BI  2 VFr 

(1.6  a 12) 

21  <4 

PP-LB-NTk 

SI 

(1.5  x 1.2) 

PBL  * 2405  (I);  • ,305'j  (8;  ) 


* 
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VII.  Firing  with  20  nm  AP  T33  Shot  (ly>t  216S)  against  1 1/8- inch 
Homogeneous  Armor  at  20°  Obliquity  (Cont'H) 


Striking 
Velozi ty 

Plate 

Penetration  Results 
Shot 

Scoopd 

B.  350°  F Temper 

vs  Plate  No.  15  (21  to  331  Bhn) 

3321 

CP(AAP)-P0 

BI  2/3-Sh-Fr -LS 

(16 

X 

1.0) 

3250b 

CP(NS)-P0 

BI  l/?-Sh-Fr -LS 

(1.6 

X 

1.6) 

3191b 

PP-LB-POS 

BI  1/4-ShIP 

(1.6 

X 

1.6) 

2996 

PP-LB-Ck 

Bi  1/4-ShIP 

(1.6 

X 

1.7) 

2606 

CP/AAPl-PO 

ST1P 

/*  a 

- 

1 

2528b 

CP(AAP)-P0 

siip 

(1.4 

X 

1.3) 

2487b 

CP(A)-P06 

siip 

<i  - 

X 

13) 

2388 

CP(o,-P0S 

SICk 

(1.4 

X 

1.1) 

PEL  - 2505  (I);  • 3225  (Sh) 


C.  550°  F Teirper  vs  Plate  No.  16  (321  to  331  Bhn) 


3084 

CP(NS)-PO 

BI  1/3-Sh-Fr -LS 

(1.7  * 1.6) 

3080 

CP(NS)-P0 

BI  1/3-Sh-Fr-LS 

(1.7  x 1.6) 

3020b 

CP(AAP)-P0 

BI  1/2-Sh-Fr  -LS 

(1.7  * 1.5) 

2977b 

PP-LB-Ck 

BI  1.  3 Sh  Fr  LS 

(1.6  « 1 6) 

2910 

PP-LB-NCk 

Sh-Fr-LS 

(1.7  x 1.5) 

2390 

PP-SB-NCk 

BI  1/2-Sh-Fr -LS 

(1.5  x 1.3) 

2170 

PP-VSB-NCk 

BI  13  SL-Fr -LS 

(1.7  x 1.2) 

PS-  ■ 3000  fps 

D.  800”  F Tempe' 

vs  Plate  No.  15  (321  to  331  Blxi) 

3605 

0'(Aa*')-BS 

HI  1 3-Sh-LS 

( 1 . 8 x ! . ’ ) 

3589 

CP(W)-HS 

Sh-LS 

(1.7  x 1.6) 

3538'- 

CP(\)-P0S 

Sh-LS 

(1.8  x 1.7) 

35(Oi.' 

CP( AAP)-BS 

BT  1 3-Sh-LS 

(1.7  x 1.7) 

34s9< 

OVA)-0  -!> 

BI  1 J-SL-Li 

(1.8  x 1.6) 

34  5'.  c 

CP:AAi",  BS 

bl  1 3 Sh-LS 

(1.8  x 1.7) 

3360 

PP-LF-P06 

HI  1J  Sh-LS 

(1.7  x 1.6) 

3205 

PP-L3-P06 

BI  ’ 3 Sh  LS 

(1.7  x 1.7) 

3060 

r-p-ijj  res 

BI  1 j Sh-LS 

(1  7 x 1.7) 
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Di  sir i but  ion 


1 - Chief  of  Ordnance 
Department  Amy 
Washington  25,  D.  C. 
Attn:  OR0TX-AR 


1 - Commanding  General 

Aberdeen  Proving  Groind 
Maryland 

Attn:  Ball  Res  Lab 


1 - Attn:  ORDTA 

1 - Attn:  'VJTTB 


1 - Attn:  D & PS  Ammunition  Br 
1 - Attn-  D & PS  Armor  Brer. 


1 - Attn:  ORDTM 


1 - CoRvnanding  Officer 
Springfield  Armory 
f ield  1 , Mast. 
Attn:  Eng  Dept 


1 - Commanding  Officer 
Picatinny  Arsenal 
Dover,  New  Jersey 
At  tn:  Tech  Group 


1 - Cownanding  Officer 
Rock  Island  Arsenal 
Rock  Island.  Il>. 
Attn:  Laboratory 


1 - Commandant 

Ordnance  School 
Aberdeen  Proving  Grouv! 
Maryland 

Attn:  Tech  Intell  Br 

1 - Attn.  OREKS-HC 

5 - Armed  Services  Technical 
Information  Agency 
Document  Service  Center 
Knott  Building 
Dayton  2,  Ohio 
Attn:  DSC-SD 

(Code  3) 

1 - Commanding  Officer 

Office  of  Ordnance  Research 
Box  CM,  Duke  Station 
Durham.  N.  C. 


1 - Commanding  Officer 
Watertowi  Arsenal 
Watertown  72.  Mass 
Attn:  Tech  Grt»« 


1 - Dr . C * . Curtin 
Fliysics  Dept 
Lehigh  Univeristy 

Be  tih.’ . .n  *n,  Cm. 


1 - Coevnarviant 

Navr . i Provirp  urour*'* 

Dnhlgren  36,  Vo 

Attn:  A fc  P Labuiatory 
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